Abstract. Anti-tumor properties assigned to PEDF, beside its role as an inhibitor of angiogenesis, make it a promising candidate in the search of new biomarkers for malignancy. In this study levels of PEDF were investigated in pleural effusions from lung adenocarcinoma and benign inflammatory disease patients. The mean PEDF concentration in the malignant group was slightly superior to that in patients suffering benign diseases (4.59 µg/mL vs 3.97 µg/mL), although the difference did not reach statistical significance (P 0.166). Pleural effusion PEDF levels were not related to gender, age, smoking habit or pleural effusion size. We also investigated the possible relationship of PEDF levels in pleural effusion regarding clinicopathological features. Correlations were found for monocytes (P 0.010) and polymorphonuclear leukocytes (P 0.023) with PEDF levels in pleural effusion of malignant origin.
Introduction
Pigment Epithelium Derived Factor (PEDF) is a 50 kDa glycoprotein composed of 418 amino acids [1] , that was first isolated from the conditioned medium of human fetal retinal pigment epithelial cells as a inducer of neuronal differentiation and maturation of retinoblastoma cells [2, 3] . PEDF belongs to the serine protease inhibitor (serpin) family of proteins but lacks homology at the serpin reactive center, demonstrating no antiprotease activity [1] . The PEDF gene is highly conserved among mammalian species [4] and its expression has been proved in a wide range of fetal and adult tissues, including the spinal cord, cerebrospinal fluid, skeletal muscle [5] , bone [6] , heart, liver, testis, ovaries, placenta, pancreas and lung [4] and in plasma [7] .
PEDF exhibits multiple and varied biological activities, it is a potent antiangiogenic factor inhibiting endothelial cell migration and inducing apoptosis of activated endothelial cells [8, 9] , and neuroprotective properties have too been reported [10] .
In tumors, in addition to its antiangiogenic activity, PEDF has a role as a tumor-cell differentiator and inducer of tumor-cell apoptosis [11] . Reduced expression of PEDF has been demonstrated in several tumors correlated with a poor prognosis, a more metastatic phenotype and higher microvessel density, including neuroblastoma [10] , neoplasias of the prostate [12, 13] , lung [14, 15] , breast [16] , bladder [17] and pancreas [18] . Since angiogenesis is essential for tumors to grow and metastasize, the antiangiogenic activity of PEDF makes it a promising target for cancer therapy [19] . Effectiveness of intrapleural gene transfer of PEDF resulting in inhibition of tumor growth and prolonged survival has been reported in a murine model of lung cancer [20] , for instance.
Pleural effusion (PE), an accumulation of fluid in the pleural cavity surrounding the lungs, results from an increased production exceeding fluid removal rate [21] . Pleural effusions are classified as transudates or exudates according to the biochemical characteristics of the fluid, but their distinction is easily achieved by the use of Light's criteria [22] . A common cause of exudative PE is the presence of any malignancy, and so far the challenge is the discrimination between malignant PE (MPE) and benign PE (BPE) [22, 23] . Unfortunately, methodologies used in the diagnosis of malignant PE (MPE) lack proper sensitivity, the case for cytology analysis with sensitivities ranging from 40 to 87% [24] , or are highly invasive like thoracoscopy [25] . In this setting, the use of tumor markers constitutes the non-invasive alternative to complement these techniques; however, to date assayed markers have not proved sensitive and specific enough to diagnose MPE patients [26, 27] .
In a previous proteomic study, comparing the PE proteome profiles of NSCLC versus tuberculosis patients, 35 proteins were identified with significantly different levels between MPE and BPE. Among those proteins, two distinct isoforms of PEDF were overexpressed in PE from cancer patients [28] . This finding, in conjunction with the anti-tumoral role attributed to PEDF [11] , prompted us to explore the potential clinical significance of PEDF expression in MPE. In the current study, we have determined PEDF levels in pleural fluid of MPE derived from non-small cell lung cancer (NSCLC) and benign PE (BPE) derived from tuberculosis and parapneumonic affectations, exploring its possible diagnostic utility in MPE and the correlation of this biomarker with clinical and biochemical variables.
Methods

Study population
A total of 52 consecutive non-selected patients with a specific diagnosis for exudative PE were enrolled in this prospective study. 
Pleural fluid diagnosis
Diagnosis of patients was established performing a thoracocentesis that allows for the biochemical, microbiological and cytological analyses of the pleural fluid. Achievement of a diagnosis without the need of performing a thoracocentesis was considered as an exclusion criterion, establishing inclusion criteria an accurate diagnosis of PE and the exudative nature of the effusion. When a diagnosis was not obtained after the first test, a second thoracocentesis and a blind percutaneous pleural biopsy with Abrams needle were conducted [23] .
The biochemical parameters of pleural fluid were analyzed before the beginning of any treatment [differential cell counts, pH, proteins, lactate dehydrogenase (LDH), glucose, and adenosinedeaminase (ADA)]. In the case several thoracocentesis had been performed, only the biochemical results of the first procedure were evaluated. The demographic variables of patients and the size of PE were too registered; PE extension was classified depending on the affectation of the hemithorax on the chest radiograph.
For the analysis we established two principal groups (MPE and BPE). PE was considered malignant when we could demonstrate malignant cells at cytological examination. Patients with lung adenocarcinoma formed this group. Patients with BPE were divided into three subgroups: tuberculous, pneumonic and idiopathic PE. Tuberculosis diagnosis was based on the presence of positive stain or culture for Mycobacterium tuberculosis in the pleural fluid, sputum, or pleural biopsy; and on the presence of typical caseating granulomas in pleural biopsy. Patients diagnosed with pneumonic effusion presented pneumonia symptoms and response to antibiotics. A last group of non-neoplasic PE of unknown origin was included as idiopathic, comprising non-specific pleuritis observed at thoracoscopy, thoracotomy, biopsy, or autopsy.
Pleural effusion sampling
Approximately 10 mL of pleural fluid of each patient were obtained at the same time thoracocentesis or pleural biopsy was done. Samples were centrifuged at 800 g for 15 minutes, and immediately frozen in 0.5 mL aliquots at −20
• C until their analysis. 
Biochemical procedures
We determined the levels of PEDF using a sandwich enzyme-linked immunosorbent assay (ELISA) commercially available from Chemicon International (USA and Canada). Laboratory PEDF test performance was completely independent of clinical diagnosis and treatment. The assay was conducted according to manufacturer's instructions. Since PEDF can be complexed with other proteins that may interfere in the quantification, pleural fluid samples were pretreated with urea to a final concentration of 8M and incubated in ice for 1 hour to release PEDF from its bound proteins. Urea-treated samples were diluted 1:500 in assay diluent and 100 µL immediately applied to the plate (to minimize reassociation of the antigen to binding proteins). One hundred µL of each Standard were added to each well and the plate was incubated for 1 hour at 37
• C. Standards and samples were run in duplicate. The plate was washed four times with 250 µL of wash buffer, 100 µL of biotinylated Mouse Anti-Human PEDF monoclonal antibody were added and incubated for 1 hour at 37
• C. The washing procedure was repeated and 100 µL of streptavidin-peroxidase conjugate were added to each well and incubate at 37
• C for 1 hour again. A last washing procedure was performed and 100 µL of tetramethylbenzidine enzyme (TMB/E) substrate were added, allowing the signal to develop for 5-10 minutes in dark at room temperature. The reaction was stopped by addition of 100 µL of stop solution. Optical density was read at 450 nm on an EnVision Multilabel Plate Reader (Perkin Elmer).
The minimal detectable concentration of this assay was 0.9 ng/mL, as indicated by the manufacturer.
Statistical analysis
Kolmogorov-Smirnov and Levene's tests were applied to continuous variables to verify normal distribution and homogeneity of variances, respectively. The Student t-test was used to evaluate differences between independent samples in normally distributed variables, while the Mann Whitney U test was used instead when normality was not confirmed. The bivariate relationships between the biochemical parameters and PEDF levels were assessed by Tau of Kendall correlation analysis.
PEDF ability to discriminate between MPE and BPE was evaluated by receiver operating characteristic (ROC) curves. Sensitivity, specificity, likelihood ratios (LRs) and their confidence intervals (CI), positive predictive value (PPV), negative predictive value (NPV) and diagnostic accuracy were calculated. To estimate positive LR the formula sensitivity/(1-specificity) was applied and the negative LR was calculated as (1-sensitivity)/specificity. The cut-off point was chosen as the value that rendered the highest accuracy value.
All statistical analyses were performed with SPSS version 15.0 (SPSS Inc, Chicago, Illinois). P values < 0.05 were considered statistically significant. Sensitivity, specificity and LR were calculated using MedCalc version 11.5.1 (MedCalc Software, Belgium).
Results and discussion
A total of 52 patients diagnosed with PE were included in this study. According to the diagnostic criteria described in Methods, patients were grouped for statistical analysis as summarized in Table 1 . In this cohort, MPE group corresponded to 22 patients presenting lung adenocarcinoma, while the BPE sample comprised 30 patients, most of them suffering tuberculosis (27 patients), the remainder patients presenting parapneumonic PE (2) and idiopathic PE (1) .
The concentration of PEDF (µg/mL) in the different diagnostic groups is displayed in Table 1 . The mean PEDF level in the malignant group was 4.59 µg/mL, slightly superior to that in BPE patients, 3.97 µg/mL, although the difference did not reach statistical significance (P < 0.166).
To date studies measuring PEDF levels in pleural fluid are very scarce. Although some researchers have MPE = malignant pleural effusion, BPE = benign pleural effusion, CI = confidence interval, PPV = positive predictive value, NPV = negative predictive value, LR = likelihood ratio.
applied proteomic technologies identifying PEDF as a component of the protein content of pleural effusion [29] , few have focused on the comparison between malignant and benign exudates.
In the proteomic study of Rodríguez Piñeiro et al. [28] multiple isoforms of PEDF in both malignant and benign samples analysed were detected. They found two PEDF spots with increased ratios of 1.5 and 2 in MPE against tuberculous PE, using a small sample size. They performed an initial validation step by means of a non-quantitative strategy, describing multiple isoforms of PEDF but maintaining an overall higher expression in MPE. In the present work, levels of PEDF were determined using a specific ELISA method detecting total levels of the protein. Quantitative results in a larger population presented here corroborate the higher levels of PEDF in lung cancer malignancy, although significant differences are not longer maintained.
Using a similar proteomic approach to [28] , Wang et al. [30] , reported a 4.45 increase in PEDF levels in PE of lung adenocarcinoma origin when compared against pneumonic PE. Conversely, differences were not maintained when the benign PE was formed of tuberculosis effusions. These data are in agreement with the results presented here, where tuberculosis PE exhibits closer PEDF levels to MPE than pneumonic PE. Unfortunately, these authors did not perform a further validation of PEDF levels in PE. To our knowledge, only Hsieh et al. [31] determined PEDF concentration in malignant exudative effusions of diverse cancer origin, but comparing them to transudative effusions instead of benign exudative effusions. Although they found differences in PEDF levels, their results are not comparable to this study because of the different nature of samples processed.
Having no reference of the magnitude of PEDF levels in PE, we sought whether PEDF protein concentration reported in our study was maintained in serum or plasma of other studies. Noticeably, the PEDF concentration found by us in pleural fluid matches the range of levels described in plasma by other authors, 5 µg/mL on average [7, 32] . Much of the interest of PE as a source of biomarkers for malignancy derives from its proximity to the affected organ and the smaller dilution effect in comparison to other body fluids; therefore, serum and plasma do not always reflect what happens in other tissues. In this case, we considered interesting that PEDF levels were maintained in the pleural fluid.
As expected from the results described in Table 1 , the diagnostic performance of PEDF levels proved not useful in discriminating malignant PE origin ( Table 2 ). The area under the ROC curve (AUC) was 0.6 (95% CI: 0.455-0.733). A cut-off value of 4.25 µg/mL was established as it provided the highest accuracy, providing sensitivity and specificity parameters of 59.09 and 63.33%, respectively; predictive values, likelihood ratios and accuracy are also displayed on Table 2 . Nevertheless, some discriminating value has been assigned to PEDF in other malignancies; Byrne et al. [13] reported a better but still not acceptable discrimination value in prostate cancer from benign hyperplasia with an AUC of 0.788.
The absence of striking differences between malignant and benign PE analysed in this work may reside on the nature of the samples compared and the multiplicity of PEDF functions. On the one hand, higher PEDF levels in cancerous PE could be expected as an attempt to limit tumoral damage, as seen in amyotrophic lateral sclerosis [33] . On the other hand, benign samples represent inflammatory conditions and PEDF has also been reported to have antiinflammatory properties [34] .
The possible relationship of PEDF levels in PE regarding clinicopathological features of the patients was also investigated (Table 3 ). No differences in PEDF levels were encountered in relation to gender, age, smoking habit or PE size. Referring age and gender, results agree with previous works from Feng et al. [17] and Uehara et al. [18] , in bladder tumor and pancreatic carcinoma respectively. We also assessed the correlation between PEDF levels and other variables. No significant correlation was found with levels of adenosine desaminase, lactate dehydrogenase, protein content, glucose, and pH values (data not shown). Nevertheless, significative correlations were found for monocytes (P 0.010) and polymorphonuclear leukocytes (PMN) (P 0.023) with PEDF levels in MPE samples, applying Tau of Kendall test.
The positive correlation of PEDF with PMN and monocytes in MPE samples is in agreement with the finding of Bard et al. [35] . These authors reported for the first time PEDF as a component of exosomes, membrane vesicles secreted both by lymphocytic and tumoural cells, isolated in cancerous pleural fluid. Although it is known that exosomes elicit anti-tumoral responses, the role of PEDF in exosomes is not clear.
Conclusion
We have for the first time reported quantitative expression levels of PEDF comparing PE from malignant and benign origin, by the application of specific immunoquantification methodologies of protein, demonstrating in both samples high levels of PEDF coincident with the concentration described in serum. Disappointingly, the levels of this protein do not allow an accurate discrimination of PE origin. Involvement of PEDF in several functionalities, comprising both tumorigenesis and inflammation, could abrogate its diagnostic accuracy when pretending to discern cancerous from benign samples, mostly inflammatory benign samples.
